Bangladesh produces a huge amount of potatoes every year. This research was carried out to find the optimum conditions for bioethanol production from potato of Bangladesh. From this study, optimum growth of yeast (Saccharomyces cerevisiae CCD) was observed at pH 6.0 and temperature 31˚C. Addition of a small amount of alpha-amylase enzyme to potato solution was found to enhance the potato starch degradation and made the fermentation process quicker. This study observed that 1750 unit alpha-amylase is enough to degrade the starch in 15% of 500 ml potato starch solution. From fermentation time study, 6-day incubation time was found to be enough to complete the fermentation process and optimum production of bioethanol form potato starch. Suitable concentration of potato in fermentation process was determined using five different potato solutions (5%, 10%, 15%, 20% and 30%). A highest production of bioethanol was found in 20% potato treatment. Therefore, 20% potato solution is recommended for high-scale production of bioethanol from potato starch.
Introduction
Energy in all its forms is essential to humanity and is central to the improvement in people's quality of life. The continuous increase in energy demand, the inevitable decline in the availability of fossil fuels, and the growing concerns about climate change have sparked a number of initiatives from governments around the world to in-crease production of energy from renewable sources [1] . Ethanol fermented from renewable resources or biomass-based materials for fuel is considered as bio-ethanol [2] . Biofuels, and in particular bioethanol, i.e. ethanol obtained from crops or lignocellulosic biomass, are getting a lot of attention as a possible option for renewable transportation fuel. Countries with tropical weather condition, such as Brazil, have successfully utilized sugarcane (Saccharum officinarum) for decades as the main feedstock to produce ethanol [3] . However, some studies showed a low power density value [4] . Due to the low cost of sugarcane, other countries in Africa, Latin America, and Asia have plans to increase their production of ethanol from sugarcane [5] . In the United States and Europe, ethanol is produced mainly from corn and grain [6] . Other starchy crops being utilized are sorghum (Sorghum sp.) grains, cassava (Manihot esculenta), and potatoes (Solanum tuberosum ssp tuberosum) [7] . However, there is currently a substantial amount of research being done concerning the development of cellulosic bioethanol [8] , but the process for producing it is not yet at a commercial level. Rapeseed (Brassica sp.), sunflower (Helianthus annus), sugar beet (Beta vulgaris var saccarifera), wheat (Triticum vulgaris), and potatoes have been considered as potential feedstock for the production of biofuels. In addition, several studies have focused in the production of ethanol from sugar cane in Brazil and other countries.
Bangladesh imports most of the oil from Middle East by spending valuable foreign currencies. In 2011 fiscal year, Bangladesh spent 5.0 billion US dollars for oil import and in 2012 this cost is around 6.17 billion dollars. This huge spend on oil import has created tremendous pressure on Bangladesh's annual budget. However, Bangladesh can easily reduce its oil import with the production of renewable fuel like bioethanol from sugarcane, corn, potato and sweet potato. Bangladesh produces a huge amount of potatoes and sweet potatoes, which are expected to be used as the promising source of bioethanol. For huge production of potato, Bangladesh's farmers deprived of retail price every year. Alternate use of potato like bio-ethanol production would ensure potato price at farmer's level. Therefore, this project was done considering the following objectives:
1) To evaluate the Bangladeshi potato as raw materials for bioethanol production; and 2) To find out the optimum conditions for bioethanol production from potato.
Methodology

Potato Sample Collection
Potato (cardinal variety) was collected from the vegetable market of Rajshahi, Bangladesh. Potato was washed and cut into several pieces and boiled in water for 25 -30 minutes. A suitable amount of boiled potato was taken for experiment purpose.
Yeast Strain and Culture Media
Yeast strain (Saccharomyces cerevisiae CCD) was collected from the Spirit Section of Carew and Co., Darsana, Bangladesh. For yeast culture, modified YMPD (Yeast-Malt-Peptone-Dextrose) broth culture was used. Composition of this culture media is given in Table 1 . Generally, dextrose is used in yeast media as carbon source. But, we used boiled potato mash instead of dextrose in modified YMPD broth culture media for propagation of yeast cell during bioethanol production.
Determination of Optimum pH and Temperature for Yeast Growth
To determine the optimum pH, yeast strain was cultured in modified YMPD broth culture media (300 ml) with different pH 3.0, 4.0, 5.0, 6.0, 7.0 and 8.0 at 32˚C. The optimum temperature was measured by using the same YMPD media at fixed pH 6.0 with incubating at different temperatures, 25˚C, 28˚C, 31˚C, 34˚C, 37˚C and 40˚C.
Yeast cell growth was monitored every 12 hours for pH experiment and every 24 hours for temperature experiment. For determination of growth, turbidity of YMPD broth culture media was measured at 610 nm.
Determination of Fermentation Time
For fermentation time study, 100 ml of one-day old yeast was added in 400 ml potato solution (15%) and incubated at 31˚C for 5-different incubation periods (4, 5, 6, 7 and 8-days). Bio-ethanol production was measured after each interval. Crude fermented potato solution was first centrifuged at 12,000 rpm to remove the unused starch and yeast cell. Then, the clear solution was taken into rotary evaporator for separation of ethanol at 78.5˚C for five minutes.
Alpha-Amylase Enzyme for Optimum Degradation of Potato Starch
To find out the suitable enzyme activity for optimum degradation of potato starch, different enzyme activities (350, 700, 1050, 1400, 1750 and 3500 unit) of alpha-amylase enzyme was added into 300 ml potato solution (15%). Then, 100 ml of one-day yeast culture was added and incubated at 31˚C. Ethanol production was measured after 6-days incubation period.
Determination of Potato Concentration for Optimum Production of Bioethanol
Suitable potato concentration is important for getting the highest production of ethanol. Therefore, different concentration potato starch (5%, 10%, 15%, 20% and 30%) was prepared in 400 ml distilled water. About 1750 unit of alpha-amylase enzyme and 100 ml of yeast was added to each treatment and incubated at 31˚C for 6-days. Fermentation pH and temperature was adjusted to the optimum condition during this experiment. After incubation period, turbidity of solution and produced ethanol were measured.
Measurement of Purity of Produced Alcohol
The percent of purity of produced bioethanol from potato was measured by using an alcohol meter (Jiujingnongduji, China). This meter can measure the alcohol purity from 0 to 100 percent. 
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Results and Discussion
Optimum pH and Temperature for Yeast Growth
From experimental six pH (3.0, 4.0, 5.0, 6.0, 7.0 and 8.0), the highest yeast growth was found at pH 6.0 ( Figure  1) . Therefore, pH 6.0 is considered as the suitable pH for yeast growth and fermentation of potato. Khan et al. (2012) mentioned optimum pH 5.5 for the production of bioethanol from potato [9] . This pH is very close to present optimum pH 6.0 (Figure 1 ).
Out of six tested temperature (25˚C, 28˚C, 31˚C, 34˚C, 37˚C and 40˚C), optimum yeast cell growth was found at 31˚C (Figure 2 ).
Fermentation Time for Bioethanol Production
For optimum conversion of potato starch by yeast, sufficient incubation time or fermentation time is required. From this experiment, it is found that 6-days incubation period is good for optimum bioethanol production (Figure 3) . Long-time incubation reduced the bioethanol production because potato contains not only starch but also protein and fat. Energy from protein and fat help yeast to convert ethanol into other products and resulting a low ethanol formation was observed after 6-days during this study.
Alpha-Amylase Enzyme for Degradation of Potato Starch
Yeast is necessary for fermentation but addition of enzyme enhances the conversion of starch into sugar as well as increases the fermentation process and bioethanol production [9] . The starchy polymers of biomass need to be converted to simple sugars before fermentation through a process called hydrolysis [10] . The most commonly methods are chemical hydrolysis and enzymatic hydrolysis [11] . In absence of alpha-amylase enzyme, yeast (Saccharomyces cerevisiae CCD) was found to ferment potato starch very slowly and also made unwanted red or purple color. However, addition of small amount of alpha-amylase enzyme caused rapid fermentation with characteristic smell of alcohol. From this study, we found optimum bioethanol production in 1750 unit alpha-amylase treatment (Figure 4) . Therefore, it is concluded that 1750 unit alpha-amylase enzyme is enough to degrade the starch into simpler disaccharide or monosaccharide of 500 ml potato solution (15%) and optimum production of bioethanol. A high concentration of enzyme causes feed-back inhibition to reaction process [12] and resulting a less amount of substrate (potato) converted into ethanol during application of 3500 unit of alpha-amylase enzyme in fermentation process (Figure 4) .
Concentration of Potato for Optimum Bioethanol Production
Suitable potato concentration is important for highest production of ethanol. Out of five tested potato concentration (5%, 10%, 15%, 20% and 30%), all of the treatments except 30% produced clear white color layer in upper part of fermented potato solution. That means all potato starches in 5%, 10%, 15% and 20% are converted into ethanol during this incubation period. On the other hand, opalescent and turbid color (OD 0.246) was found in 30% potato starch treatment ( Table 2) .
Low concentration of potato provided a low yield of bioethanol, however, bioethanol production was found to increase with increase of potato up to 20% in solution. In 30% potato, bioethanol production was found to decrease because of less production of free glucose for incomplete saccharification of starch. Addition of 1750 unit alpha-amylase enzyme to 30% potato solution is not enough to saccharify a high amount of starch present in this solution ( Table 2) . As a result, a high turbidity of potato solution as well as less bioethanol production was observed. From this study, 20% potato solution was found optimum for bioethanol production.
Purity of Bio-Ethanol
The purity of ethanol was found low, 10% to 12% (v/v). 
Conclusions
From this study, optimum conditions for bioethanol production from potato were established. These conditions are summarized below:
• Optimum pH and temperature for yeast cell growth were 6.0 and 31˚C, respectively.
• A small amount of alpha-amylase enzyme, about 1750 unit was found to be suitable for enzymatic degradation of starch in 500 ml potato solution (20%).
• 6-day incubation time was found optimum for bioethanol production.
• 20% potato solution exhibited highest production of bioethanol from potato starch.
